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(57) ABSTRACT

An optical film, a circular polarizing plate, and a display
device are provided. The optical film may exhibit a desired
phase retardation property in a wide wavelength range even
when 1t 1s relatively thin. The optical film may exhibit the ¥4
wavelength phase retardation property. The optical film may
be manufactured by a simple process. The optical film may be

used 1n LCDs such as a reflective LCD, or OLEDs.
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1
OPTICAL FILM

This application 1s a continuation application (bypass
application), under 35 USC §120, of International Patent
Application No. PC1/KR2012/002829, filed on Apr. 13,
2012, which claims priority to and the benefit of Korean
Patent Application Nos. 10-2011-0034339, filed on Apr. 13,

2011, and 10-2012-00384635, filed on Apr. 13, 2012, which
are hereby incorporated by reference 1n their entirety herein.

BACKGROUND

1. Field of the Invention

The present application relates to an optical film, a circular
polarizing plate and a display device.

2. Discussion of Related Art

A retardation film may be used 1n various fields. The retar-
dation films may be on one or both sides of a liquid crystal cell
for improving the viewing angle of a liquid crystal display
(LCD). In Japanese Patent Publication No. 1996-321381,
retardation films are used to prevent retlection and ensure
visibility of a reflective LCD or an organic light emitting
device (OLED).

As retardation films, there are Y2 or ¥4 wavelength retarda-
tion film according to its phase retardation property. How-
ever, the phase retardation property of a conventional 12 or V4
wavelength retardation film 1s changed depending on wave-
length. Therefore, there 1s a problem that ranges, within
which retardation films function as the 2 or 4 wavelength
retardation film, are restricted to limited ranges. For example,
films functioning as the 4 wavelength retardation films with
respect to light having the wavelength of 550 nm don’t fre-
quently function as the 4 wavelength retardation films with
respect to light having the wavelength of 450 or 650 nm.

SUMMARY OF THE INVENTION

The present application provides an optical film, a circular
polarizing plate and a display device.

An illustrative optical film may include an optically aniso-
tropic polymeric layer and a liquid crystal layer on the poly-
meric layer. In the optical film, the polymeric layer and the
liquad crystal layer may be arranged such that an optical axis
of the polymeric layer may be perpendicular to an optical axis
of the liquid crystal layer or such that the optical axis of the
polymeric layer may form an angle of approximately 61.5
degrees with the optical axis of the liquid crystal layer. The
term “optical axis™ as used herein may refer to a slow axis or
a fast axis, and unless defined otherwise, 1t may refer to the
slow axis. In this document, the term “vertical,” “perpendicu-
lar,” “horizontal” or *“parallel” as used herein may refer to
substantial vertical, perpendicular, horizontal or parallel fall-
ing within the range 1n which predetermined results can be
obtained. For example, the above term may include errors
within about £15 degrees, +10 degrees, £5 degrees, or +3
degrees. In this document, the above angle of 61.5 degrees
may refer to substantial 61.5 degrees falling within the range
in which predetermined results can be obtained, and may
include errors within about 15 degrees, £10 degrees, =5
degrees, or £3 degrees.

FIG. 1 shows an illustrative embodiment of an optical film
100, including a polymeric layer 101 and a liquid crystal layer
102. For example, as shown 1n FIG. 2, an optical film 200 may
turther include an alignment layer 201 between the polymeric
layer 101 and the liqud crystal layer 102.

In one embodiment, the optical film may be a film having
the V4 wavelength phase retardation property. The term “n

10

15

20

25

30

35

40

45

50

55

60

65

2

wavelength phase retardation property” as used herein may
refer to the property capable of phase-retarding incident light
by “n” times a wavelength of the incident light within at least
partial wavelength range. In one embodiment, the in-plane
phase retardation to light with a wavelength of 350 nm of the
optical {ilm may be in the range from about 110 nm to about
220 nm, or from about 140 nm to about 170 nm. The term
“in-plane phase retardation of an optical film, a polymeric
layer or a liquid crystal layer” as used herein may refer to a
value calculated as “(nx-ny)xd.” The “nx” 1s a refractive
index along an 1n-plane slow axis direction of the optical film,
polymeric layer or liquid crystal layer, the “ny™ 1s a refractive
index along an 1in-plane fast axis of the optical film, polymeric
layer or liquid crystal layer, and the *“d” 1s a thickness of the
optical film, polymeric layer or liquid crystal layer.

The optical film may, for example, have the reverse wave-
length dispersion properties. For example, the optical film
may be a film, of which R(650)/R(530) 1s larger than R(4350)/
R(550). Themark “R(X)” as used herein may refer to in-plane
phase retardation of the optical film, polymeric layer or liquid
crystal layer with respect to light with a wavelength of “X”

nm. In one embodiment, the optical film may have R(450)/R
(550) 1n the range from 0.81 to 0.99, from 0.82 to 0.98, from

0.83 t0 0.97, from 0.84 to 0.96, from 0.85 to0 0.95, from 0.86
to 0.94, from 0.87 to 0.93, from 0.88 to 0.92 or from 0.89 to
0.91. The optical film may have R(650)/R(550) 1n the range
from1.01t0 1.19, from 1.02 to 1.18, from 1.03t0 1.17, from
1.04to1.16, from 1.05to 1.15, from 1.06 to 1.14, from 1.07
to 1.13, from 1.08 to 1.12 or from 1.09 to 1.11.

The polymeric layer 1n the optical film may be a layer
having the 2 wavelength phase retardation property. The
polymeric layer may have in-plane phase retardation with
respectto light with a wavelength o1 350 nm 1n the range from
200 to 290 nm or from 220 to 270 nm. Absolute values of the
difference between R(450)/R(550) of the polymeric layer and
R(650)/R(550) of the polymeric layer may be within 5, 4, 3,
2, or 1 or may be substantially 0. In one embodiment, the
polymeric layer may have R(450)/R(3550) in the range from
0.95 to 1.05 or from 0.99 to 1.01, and may have R(650)/R
(550) 1n the range from 0.95 to 1.05 or from 0.99 to 1.01.

The polymeric layer 1n the optical film may be a polymer
film. For example, a film prepared by suitably stretching a
transparent polymer film, 1n which optical anisotropies can be
generated by stretching, may be used as the polymeric layer.
Non-stretched polymer films may also be used as the poly-
meric layer as long as they have optical anisotropies. In one
embodiment, as the polymer film, a film formed by an absor-
bent-casting method and having light transmittances of 70%
or more, 80% or more or 85% or more may be used. Conven-
tionally, the polymer film may have a thickness 1n the range of
3 mm or less, from 1 um to 1 mm, or from 5 um to 500 um 1n
consideration of possibilities to form an uniform stretched
f1lm.

Examples of the polymer film may include a polyolefin
film such as a polyethylene film or polypropylene film, a
cycloolefin polymer (COP) film such as a polynorbormene
film, a polyvinylchloride film, a polyacrylonitrile film, a
polysulione film, a polyacrylate film, a poly(vinyl alcohol)
(PVA) film, a cellulose ester polymer film such as a triacetyl
cellulose (TAC) film, or a copolymer film of at least two
monomers selected from the monomers forming the polymer
as described above. In one embodiment, as a polymer film, a
cycloolefin polymer film may be used. The cycloolefin poly-
mer may be, but 1s not limited to, a ring-opening polymer of
cycloolefin such as norbornene or a hydrogenated product of
the ring-opening polymer, an addition polymer of the
cycloolefin, a copolymer of the cycloolefin and another
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comonomer such as alpha-olefin, or a grait polymer which 1s
the polymer or copolymer modified by unsaturated carboxy-
lic acid or a derivative thereof.

The polymeric layer may have an optical axis which 1s
formed to be parallel to a lengthwise direction (MD, mechani-
cal direction) or a breadthwise direction (1D, transverse
direction), or may have an optical axis which forms a certain
angle with the lengthwise or breadthwise direction. In one
embodiment, the optical axis of the polymeric layer may form
45 degrees or 67.5 degrees with the lengthwise or breadth-
wise direction, or may form an angle falling within the range
from 45 to 67.5 degrees with the lengthwise or breadthwise
direction. The angle of 45 or 67.5 degrees 1s substantially 45
or 67.5 degrees within the range 1n which a predetermined
elfect 1s not damaged, and may include an error, for example,
within £10 degrees, +5 degrees or £3 degrees.

The optical axis of the polymeric layer may be controlled
by controlling stretching axis during stretching a polymer
f1lm 1n case where the polymeric layer is the stretched poly-
mer film.

The polymeric layer may have a thickness of, for example,
1 mm or less, from 1 to 500 um, or from 5 to 300 um, and the
thickness may vary according to a purpose.

The liquid crystal layer of the optical film may be a layer
having the %4 wavelength phase retardation property. The
liquad crystal layer may have in-plane phase retardation with
respect to light with a wavelength of 550 nm m the range from
95 nm to 145 nm or from 105 nm to 120 nm. The liqud crystal
layer may be a layer, of which R(450)/R(550) 1s larger than
R(650)/R(530). In one embodiment, the liquid crystal layer
may have R(450)/R(550) in the range from 1.01 to 1.19, from
1.02t01.18, from 1.03t0 1.17, from 1.04 to 1.16, from 1.05
to 1.15, from 1.06 to 1.14, from 1.07 to 1.13, or from 1.08 to
1.12, and may have R(650)/R(350) 1n the range from 0.81 to
0.99, from 0.82 to 0.98, from 0.83 to 0.97, from 0.84 to 0.96,
from 0.85 to 0.95, or from 0.86 to 0.94.

The liquid crystal layer may include polymerizable liquid
crystal compound. In one embodiment, the liquid crystal
layer may include a polymerizable liquid crystal compound
in a polymerized state. The term “polymerizable liquid crys-
tal compound” as used herein may refer to a compound
including a moiety capable of exhibiting liquid crystalline
property, for example, a mesogen, and also including at least
one polymerizable functional group. The term “polymeriz-
able liquid crystal compound 1n a polymerized state” as used
herein may refer to a state where the liquid crystal compounds
are polymerized and thereby form a backbone such as a main
chain or side chain of a liquid crystal polymer 1n the liquid
crystal layer.

In one embodiment, the liquid crystal layer may also
include a polymerizable liquid crystal compound that 1s not
polymerized, or may further include at least one conventional
additive such as a polymerizable non-liquid crystalline com-
pound, a stabilizer, a non-polymerizable non-liquid crystal-
line compound or an 1nitiator.

In one embodiment, the polymerizable liquid crystal com-
pound included 1n the liquid crystal layer may include at least
one multifunctional polymerizable liquid crystal compound
and at least one monofunctional polymerizable liquid crystal
compound.

The term “multifunctional polymerizable liquid crystal
compound” as used herein may refer to a liquid crystal com-
pound including at least two polymerizable functional groups
among the liquid crystal compounds. In one embodiment, the
multifunctional polymerizable liquid crystal compound may
include 2 to 10, 2t0 8, 2to 6, 2to 5, 2to 4, 2 to 3, or 2

polymerizable functional groups. Also, the term “monofunc-
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tional polymernizable liquid crystal compound™ as used herein
may refer to a liquid crystal compound including one poly-
merizable functional group among the liquid crystal com-
pounds.

If the liquid crystal layer includes both of the multifunc-
tional and monofunctional polymerizable compounds, the
phase retardation properties of the liquid crystal layer may be
cifectively controlled, and the realized phase retardation
properties, for example, the optical axis and a phase retarda-
tion value thereof, may be stably maintained.

The liquid crystal layer may include the monofunctional
polymerizable liquid crystal compound in an amount of
greater than O parts by weight and not more than 100 parts by
weight, 1 to 90 parts by weight, 1 to 80 parts by weight, 1 to
70 parts by weight, 1 to 60 parts by weight, 1 to 50 parts by
weight, 1 to 30 parts by weight or 1 to 20 parts by weight,
relative to 100 parts by weight of the multifunctional poly-
merizable liquid crystal compound.

The effect obtained by mixing the multifunctional and
monofunctional polymerizable hiquid crystal compounds
may be maximized within the above weight ratios. Also, the
liquid crystal layer may exhibit an excellent adhesive prop-
erty to the adhesive layer. Unless defined otherwise, the unit
“part by weight” may refer to a weight ratio herein.

In one embodiment, the multifunctional or monotunctional

polymerizable liquid crystal compound may be a compound
represented by Formula 1.

|Formula 1]

In Formula 1, A may be a single bond, —COO— or
—COO—, and R, to R, may be each independently hydro-
gen, a halogen, an alkyl group, an alkoxy group, an alkoxy-
carbonyl group, a cyano group, a mitro group, —0O-Q-P or a
substituent represented by the following Formula 2, or a pair
of two adjacent substituents among R, to R or a pair of two
adjacent substituents among R, to R, 1s joined together to
form a benzene ring substituted with —O-Q-P, with the pro-
viso that at least one of the R, to R, 1s —O-Q-P or a sub-
stituent ol the Formula 2, or a pair of two adjacent substituents
among R, to R or a pair of two adjacent substituents among
R, to R, 1s joined together to form a benzene ring substituted
with —O-Q-P, where Q may be an alkylene group or an
alkylidene group, and P may be a polymerizable functional
group such as an alkenyl group, an epoxy group, a cyano
group, a carboxyl group, an acryloyl group, a methacryloyl
group, an acryloyloxy group or a methacryloyloxy group.

|Formula 2]
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In Formula 2, B may be a single bond, —COO— or
—OCO—, and R, to R, . may be each independently hydro-
gen, a halogen, an alkyl group, an alkoxy group, an alkoxy-
carbonyl group, a cyano group, a nitro group or —0O-Q-P, or
a pair of two adjacent substituents among R, , to R < 1s joined
together to form a benzene ring substituted with —O-Q-P,
with the proviso that at least one of substituents R, to R, < 1s
0O-Q-P, or two adjacent substituents among R, to R, are
joined together to form a benzene ring substituted with —O-
Q-P, where Q may be an alkylene group or an alkylidene
group, and P may be a polymerizable functional group such as
an alkenyl group, an epoxy group, a cyano group, a carboxyl
group, an acryloyl group, a methacryloyl group, an acryloy-
loxy group or a methacryloyloxy group.

In Formulas 1 and 2, the term “two adjacent substituents
being joined together to form a benzene ring substituted with
0O-Q-P” may refer to the two adjacent substituents being
joined together so as to form a naphthalene backbone substi-
tuted with —O-Q-P as a whole.

In Formula 2, the mark ““-” indicated on the left side of the
“B” may refer to the “B” being directly bound to the benzene
ring of Formula 1.

In Formulas 1 and 2, the term *““single bond” may mean that
no atom 1s present in a site represented by the “A” or “B.” For
example, 11 the “A” in Formula 1 1s a single bond, the benzene
rings disposed on both sides of A may be directly bound to
form a biphenyl structure.

In Formulas 1 and 2, the halogen may be, for example,
chlorine, bromine or 10dine.

Unless defined otherwise, the term “alkyl group™ as used
herein may refer to, for example, a linear or branched alkyl
group having 1 to 20 carbon atoms, 1 to 16 carbon atoms, 1 to
12 carbon atoms, 1 to 8 carbon atoms or 1 to 4 carbon atoms,
or, for example, a cycloalkyl group having 3 to 20 carbon
atoms, 3 to 16 carbon atoms or 4 to 12 carbon atoms. The alkyl
group may be optionally substituted with one or more sub-
stituents.

Unless defined otherwise, the term “alkoxy group”™ as used
herein may refer to, for example, an alkoxy group having 1 to
20 carbon atoms, 1 to 16 carbon atoms, 1 to 12 carbon atoms,
1 to 8 carbon atoms or 1 to 4 carbon atoms. The alkoxy group
may be linear, branched or cyclic. Also, the alkoxy group may
be optionally substituted with one or more substituents.

Unless defined otherwise, the term “alkylene group or
alkylidene group” may refer to, for example, an alkylene
group or alkylidene group having 1 to 12 carbon atoms, 4 to
10 carbon atoms or 6 to 9 carbon atoms. The alkylene group
or alkylidene group may be, for example, linear, branched or
cyclic. Also, the alkylene group or alkylidene group may be
optionally substituted with one or more substituents.

Unless defined otherwise, the term “alkenyl group™ may
refer, for example, to an alkenyl group having 2 to 20 carbon
atoms, 2 to 16 carbon atoms, 2 to 12 carbon atoms, 2 to 8
carbon atoms or 2 to 4 carbon atoms. The alkenyl group may
be, for example, linear, branched or cyclic. Also, the alkenyl
group may be optionally substituted with one or more sub-
stituents.

In one embodiment, 1n Formulas 1 and 2, the “P” may be,
for example, an acryloyl group, a methacryloyl group, an
acryloyloxy group or a methacryloyloxy group; or, for
example, an acryloyloxy group or a methacryloyloxy group.
In another embodiment, the “P” may be, for example, an
acryloyloxy group.

In this document, examples of the substituent that may be
substituted with a certain functional group may include an
alkyl group, an alkoxy group, an alkenyl group, an epoxy
group, a cyano group, a carboxyl group, an acryloyl group, a
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methacryloyl group, an acryloyloxy group, a methacryloy-
loxy group or an aryl group, but 1t 1s not limited thereto.

In one embodiment, the “—O-Q-P” or the substituent rep-
resented by the Formula 2 which may be included at least one
position selected from the group consisting ofthe R, toR,, or
the group consisting ofthe R, toR, s in Formulas 1 and 2 may
be, for example, included ina position of R, RgorR, ;. Inone
embodiment, substituents that may be joined together to form
a benzene ring substituted with —O-Q-P may be, for
example, R;and R, or R, and R, ;. Also, in Formulas 1 and
2, the substituents other than the —O-Q-P or the substituent
of Formula 2, or the substituents other than the substituents
being joined together to form the benzene ring may be, for
example, hydrogen, a halogen, a linear or branched alkyl
group having 1 to 4 carbon atoms, an alkoxycarbonyl group
containing a linear or branched alkoxy group having 1 to 4
carbon atoms, a cycloalkyl group having 4 to 12 carbon
atoms, a cyano group, an alkoxy group having 1 to 4 carbon
atoms, or a nitro group; or 1n another embodiment, they may
be, for example, chlorine, a linear or branched alkyl group
having 1 to 4 carbon atoms, a cycloalkyl group having 4 to 12
carbon atoms, an alkoxy group having 1 to 4 carbon atoms, an
alkoxycarbonyl group contaiming a linear or branched alkoxy
group having 1 to 4 carbon atoms, or a cyano group.

The polymerizable liquid crystal compounds may be
included under the state where they are horizontally aligned.
In one embodiment, the polymerizable liquid crystal com-
pounds may be polymerized under the state where they are
horizontally aligned. The term “being horizontally aligned”
as used herein may mean that the optical axis of the liquid
crystal layer including a polymerized liquid crystal com-
pound has an inclination angle of approximately O to 25
degrees, approximately O to 15 degrees, approximately 0 to
10 degrees, approximately 0 to 5 degrees, or approximately 0
degree with respect to the plane of the liquid crystal layer.

In one embodiment, a difference between the refractive
index of the liquid crystal layer in the in-plane slow axis
direction and the refractive index of the liquid crystal layer 1n
the m-plane fast axis direction may be from 0.05 to 0.2, from
0.07 to 0.2, from 0.09 to 0.2 or from 0.1 to 0.2. The term
“refractive index of or in the in-plane slow axis direction™
may refer to a refractive index 1n a direction in which the
maximum value of the refractive index 1s measured in to the
plane of the liquid crystal layer, and the term “refractive index
of or in the m-plane fast axis direction” may refer to a refrac-
tive index 1n a direction 1n which the minimum value of the
refractive index 1s measured 1n the plane of the liquid crystal
layer. In general, the fast axis and slow axis 1n an optically
anisotropic liquid crystal layer are formed to be vertical to
cach other. The refractive indexes may be measured with
respect to light having a wavelength of 550 nm or 589 nm. The
difference between the refractive indexed may be measured
by using Axoscan (commercially available from Axomatrix)
according to the manufacturer’s manual.

The liquid crystal layer may have a thickness in the range
from approximately 0.5 to 2.0 um or from 0.5 to 1.5 um.

The liqud crystal layer having the refractive indexes and
the thickness described above may realize a phase retardation
property suitable for a purpose to be applied.

As shown 1n FIG. 2, an illustrative optical film 200 may
turther include an alignment layer 201 between the polymeric
layer 101 and the liquid crystal layer 102. The alignment layer
may serve to control the optical axis of the liquid crystal layer
by orienting the liquid crystal compound 1n the step of form-
ing the optical film. As the alignment layer, a conventional
alignment layer known 1n the art, for example, an alignment
layer formed by an imprinting method, a photo-alignment
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layer, or a rubbing alignment layer may be used. The align-
ment layer may be an optional element, and thus an alignment
property may be given by directly rubbing or stretching the
polymeric layer without the alignment layer.

The present application 1s also directed to a method of
manufacturing an optical film. One 1llustrative method may
include forming a liquid crystal layer on an optically aniso-
tropic polymeric layer so as for an optical axis of the liquid
crystal layer to be perpendicular to an optical axis of the
polymeric layer or to form angle ol approximately 61.5
degrees with the optical axis of the polymeric layer.

In one 1llustrative method, 1t may apply the description of
the liqguid crystal layer and the polymeric layer made above to
details of the polymeric layer and the liquid crystal layer.

The liqud crystal layer may be formed by forming the
alignment layer on the polymeric layer, and forming a coating
layer of a liquid crystal composition including the polymer-
1zable liquid crystal compound described above on the align-

ment layer and then polymerizing the aligned liqud crystal
composition 1n the state where the liguid crystal composition
1s aligned.

The alignment layer may be formed by a method including
forming a polymer layer such as polyimide layer on the poly-
meric layer and then rubbing the polymer layer; a method
including coating photo-alignable compounds and aligning
them by 1rradiating with linearly polarized light; or an
imprinting method such as nano imprinting. In this field,
various methods capable of forming the alignment layer are
known, considering the alignment direction forming the lig-
uid crystal layer having the optical axis, for example, the
optical axis that 1s perpendicular to or forms an angle of
approximately 61.5 degrees with the optical axis of the poly-

meric layer, which has been described above.

The coating layer of the liquid crystal composition may be
tormed by coating the composition on the alignment layer on
the polymeric layer by a known method. The composition
may be aligned along an alignment pattern of the alignment
layer under the coating layer and then polymerized, thereby
forming the liquid crystal layer.

In one 1illustrative method, the liquid crystal layer may be
tormed on the optically-anisotropic polymeric layer by trans-
ferring the polymeric layer 1n one direction. In the method,
the transier direction, along which the optically amisotropic
polymeric layer 1s transferred, may form an angle of approxi-
mately 45 degrees or 67.5 degrees with the optical axis of the
optically anisotropic polymeric layer or may form an angle
falling within the range from approximately 45 or 67.5
degrees with the optical axis of the optically anisotropic poly-
meric layer.

Referring to FIG. 3, the transfer direction M of the poly-
meric layer 101 forms an angle of 0, degrees with the optical
axis OP of the polymeric layer 101. The “0,” may be an angle
of 45 or 67.5 degrees, or 1all within a range from 45 to 67.5
degrees.

During transferring the polymeric layer 101 along the
transier direction M, the liquid crystal layer 1s formed so as
for the optical axis OL of the liquid crystal layer to be per-
pendicular to the optical axis OP of the polymericlayer 101 or
to form an angle of approximately 61.5 degrees with the
optical axis OP of the polymeric layer 101. The liquid crystal
layer may be formed by the above-mentioned method.

According to the method as described above, the optical
film may be more efficiently manufactured. Particularly, the
optical film can be continuously and effectively manufac-
tured i1f the method 1s affiliated with an integration process
with a following linear polarizer.
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The present application 1s also directed to a circular polar-
1zing plate. In one embodiment, the circular polarizing plate
may include a linear polarizer and the optical film. In one
embodiment, the optical film may be attached to one surface
of the linear polarizer. In the circular polarizing plate, a light
absorption axis of the linear polarizer may form an angle of
approximately 45 or 67.5 degrees with the optical axis of the
polymeric layer of the optical film, or may form an angle
falling within the range from approximately 45 to 67.5
degrees.

In one 1llustrative circular polarizing plate, the optical axis
of the polymeric layer of the optical film may form an angle
of approximately 45 or 67.5 degrees with the light absorption
axis of the linear polarizer. In case where the optical axis of
the polymeric layer forms an angle of approximately 45
degrees with the light absorption axis of the linear polarnizer,
the optical axis of the polymeric layer may be substantially
perpendicular to the optical axis of the liquid crystal layer. In
case where the optical axis of the polymeric layer forms an
angle of approximately 67.5 degrees with the light absorption
axis ol the linear polarizer, the optical axis of the polymeric
layer may form an angle of approximately 61.5 degrees with
the optical axis of the liquid crystal layer.

FIG. 4 shows one illustrative embodiment of a circular
polarizing plate 400, 1n which the optical film 402 1s attached
to the linear polarizer 401. Referring to F1G. 4, 1n one embodi-
ment, 1n the circular polarizing plate 400, the optical film 402
may be included such that the polymeric layer 101 1s disposed
closer to the linear polarizer 401 than the liquid crystal layer
102.

The linear polarizer 1s a functional element capable of
extracting light vibrating in one direction from incident light
vibrating in various directions. For example, as the linear
polarizer, a conventional linear polarizer such as a PVA (poly
(vinyl alcohol)) linear polarizer may be used. In one embodi-
ment, the linear polarizer may be a PVA {ilm or sheet to which
dichroic dye or1odine i1s adsorbed and aligned. The PVA may
be obtained by gelating polyvinyl acetate. Examples of the
polyvinyl acetate may include a monopolymer of vinyl
acetate; and a copolymer of vinyl acetate and a different
monomer. The different monomer copolymerized with vinyl
acetate may be one or at least two of an unsaturated carboxy-
lic acid compound, an olefin compound, a vinyl acetate com-
pound, an unsaturated sulfonic acid compound and an acry-
lamide compound having an ammonium group. Generally, a
gelation degree of polyvinyl acetate may be approximately 85
to 100 mol % or 98 to 100 mol %. In addition, generally, a
polymerization degree of PVA used in the linear polarizer
may be approximately 1,000 to 10,000 or 1,500 to 5,000.

The linear polarizer and the liquid crystal layer in the
optical film may be attached to each other by an adhesive
layer. In FIG. 5, an 1llustrative circular polarizing plate 500 1n
which an optical 1ilm 402 1s attached to a linear polarizer 401
by an adhesive layer 501 1s shown. The adhesive layer may
have a glass transition temperature of 36° C. or more, 37° C.
or more, 38° C. or more, 39° C. or more, 40° C. or more, 50°
C. ormore, 60° C. ormore, 70° C. or more, 80° C. or more or
90° C. or more. If the optical film 1s attached to the linear
polarizer using the adhesive layer having the above glass
transition temperature, an optical film having excellent dura-
bility may be formed. The upper limit of the glass transition
temperature of the adhesive layer 1s not specifically limited,
but the glass transition temperature may be approximately
200° C., 150° C. or 120° C.

The adhesive layer may have a thickness of 6 um or less, 5
wm or less, or 4 um or less. If the adhesive layer has the above
thickness, the durability of the optical film may be suitably
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maintained. The lower limit of the thickness of the adhesive
layer may be 0.1 um, 0.3 um or 0.5 um.

In one embodiment, the adhesive layer may be an active
energy ray curable adhesive layer. That 1s, the adhesive layer
may include an adhesive composition cured by irradiation of
active energy rays. The term “curing of the adhesive compo-
sition” as used herein may refer to expressing an adhesion
property by inducing a physical or chemical interaction or
reaction of a component in the composition. The term “active
energy ray curable composition™ as used herein may refer to
an adhesive or adhesive composition cured by 1rradiation of
the active energy rays. The “active energy rays” may include
particle beams such as alpha-particle beams, proton beams,
neutron beams or electron beams, as well as microwaves,
infrared rays (IR), UV rays (UV), X rays and gamma rays. In
general, the UV rays or electron beams may be used herein.

The adhesive layer may include a radically polymerizable
compound or a cationically polymerizable compound. In one
embodiment, the radically or cationiically polymerizable
compound may be included 1n a polymerized form in the
adhesive layer. In the above, the “radically polymernizable
compound” may refer to a compound that may be polymer-
1zed by a radical reaction, for example a radical reaction
induced by the 1irradiation with active energy rays to form an
adhesive, and the “cationically polymerizable compound”
may refer to a compound that may be polymerized by a
cationic reaction, for example a cationic reaction induced by
the 1rradiation with active energy rays to form an adhesive.
Each of the compounds may be included in the adhesive
composition, and then may form an adhesive by being cured.

The adhesive composition may include either a radically
polymerizable compound or a cationically polymerizable
compound, or imclude both of the radically polymerizable
compound or the cationically polymerizable compound.

Examples of the cationically polymerizable compound
may include an epoxy compound, a vinyl ether compound, an
oxetane compound, an oxolane compound, a cyclic acetal
compound, a cyclic lactone compound, a thirrane compound,
a thiovinylether compound, a spirortho ester compound, an
cthylenically unsaturated compound, a cyclic ether com-
pound or a cyclic thioether compound. In one embodiment, an
epoxy compound may be used as the cationically polymeriz-
able compound.

Examples of the cationically polymerizable epoxy com-
pound may 1nclude an epoxy resin, an alicyclic epoxy com-
pound, an aliphatic epoxy compound or an aromatic epoxy
compound.

In the above, examples of the epoxy resin may include a

cresol novolac epoxy resin or a phenol novolac epoxy resin.
The epoxy resin may have a weight average molecular weight
(M. ) of 1,000 to 5,000 or 2,000 to 4,000. The term “weight
average molecular weight” as used herein may refer to a
converted value with respect to standard polystyrene, which
may be measured by Gel Permeation Chromatograph (GPC).
Unless defined otherwise, the term “molecular weight” may
mean the “weight average molecular weight.”” A polymer
having a molecular weight of 1,000 or more may be used to
properly maintain the durability of an adhesive layer, and a
polymer having a molecular weight ot 5,000 or less may also
be used to maintain the workability such as a coating property
ol a composition.

The term ““alicyclic epoxy compound™ as used herein may
refer to a compound including at least one alicyclic epoxy
group. The term “alicyclic epoxy group” as used herein may
refer to a functional group having an aliphatic saturated
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hydrocarbon ring, and two carbon atoms among the carbon
atoms constituting the hydrocarbon ring also constitute an
epoOXy group.

Examples of the alicyclic epoxy compound may include an
epoxycyclohexylmethyl epoxycyclohexanecarboxylate
compound; an epoxycyclohexane carboxylate compound of
alkanediol; an epoxycyclohexylmethyl ester compound of
dicarboxylic acid; an epoxycyclohexylmethyl ether com-
pound of polyethyleneglycol; an epoxycyclohexylmethyl
cther compound of alkanediol; a diepoxytrispiro compound;
a diepoxymonospiro compound; a vinylcyclohexene diep-
oxide compound; an epoxycyclopentyl ether compound; or a
diepoxy tricyclo decane compound. Specifically, the alicyclic
epoxy compound that may be used herein may include at least
one selected from the group consisting of an esterification
product o 7-oxabicyclo[4,1,0]heptane-3-carboxylic acid and
(7-oxa-bicyclo[4,1,0]hepto-3-yl)methanol; an esterification
product of 4-methyl-7-oxabicyclo[4,1,0]heptane-3-carboxy-
lic acid and (4-methyl-7-oxa-bicyclo[4,1,0]hepto-3-yl)
methanol; an esterification product of 7-oxabicyclo[4,1,0]
heptane-3-carboxylic acid and 1,2-ethanediol; an
esterification product of (7-oxabicyclo[4,1,0]hepto-3-yl)
methanol and adipic acid; an esterification product of (4-me-
thyl-7-oxabicyclo[4,1,0]hepto-3-yl)methanol and adipic
acid; and an etherification product of (7-oxabicyclo[4,1,0]
hepto-3-yl)methanol and 1,2-ethanediol.

In one embodiment, a difunctional epoxy compound, 1.e., a
compound having two epoxy groups may be used as the
alicyclic epoxy compound, and a compound 1n which both of
the two epoxy groups are alicyclic epoxy groups may be used.

The aliphatic epoxy compound may be an epoxy com-
pound having at least one aliphatic epoxy group that 1s not the
alicyclic epoxy group. Examples of the aliphatic epoxy com-
pound may include polyglycidyl ether of aliphatic polyvalent
alcohol; a polyglycidyl ether of an alkyleneoxide addition
product of aliphatic polyvalent alcohol; a polyglycidyl ether
ol polyester polyol of aliphatic polyvalent alcohol and ali-
phatic polyvalent carboxylic acid; a polyglycidyl ether of
aliphatic polyvalent carboxylic acid; a polyglycidyl ether of
polyester polycarboxylic acid of aliphatic polyvalent alcohol
and aliphatic polyvalent carboxylic acid; a dimer, oligomer or
polymer obtained by vinyl polymerization of glycidyl acry-
late or glycidyl methacrylate; or an oligomer or polymer
obtained by vinyl polymerization of a vinyl monomer other
than the glycidyl acrylate and glycidyl methacrylate. In one
embodiment, polyglycidyl ether of an aliphatic polyvalent
alcohol or an alkyleneoxide addition product of the polyva-
lent alcohol may be used, but it 1s not limited thereto.

In the above, the aliphatic polyvalent alcohol may, for
example, be an aliphatic polyvalent alcohol having 2 to 20
carbon atoms, 2 to 16 carbon atoms, 2 to 12 carbon atoms, 2
to 8 carbon atoms or 2 to 4 carbon atoms. For example, the
aliphatic polyvalent alcohol may include an aliphatic diol
such as ethyleneglycol, 1,2-propanediol, 1,3-propanediol,
2-methyl-1,3-propanediol, 2-butyl-2-ethyl-1,3-propanediol,
1.4-butanediol, neopentylglycol, 3-methyl-2.4-pentanediol,
2.4-pentanediol, 1,5-pentanediol, 3-methyl-1,5-pentanediol,
2-methyl-2,4-pentanediol, 2,4-diethyl-1,5-pentanediol, 1,6-
hexanediol, 1,7-heptanediol, 3,3-heptanediol, 1,8-oc-
tanediol, 2-methyl-1,8-octanediol, 1,9-nonanediol, or 1,10-
decanediol; an alicyclic diol such as cyclohexanedimethanol,
cyclohexanediol, hydrogenated bisphenol A, or hydroge-
nated bisphenol F; trimethylolethane, trimethylolpropane, a
hexitol, a pentitol, glycerin, polyglycerin, pentaerythritol,
dipentaerythritol, or tetramethylolpropane.

In the above, the alkyleneoxide may also be an alkyleneox-
ide having 1 to 20 carbon atoms, 1 to 16 carbon atoms, 1 to 12
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carbon atoms, 1 to 8 carbon atoms or 1 to 4 carbon atoms. For
example, ethyleneoxide, propyleneoxide or butyleneoxide
may be used herein.

In the above, examples of the aliphatic polyvalent carboxy-
lic acid may also include oxalic acid, malonic acid, succinic
acid, glutaric acid, adipic acid, pimelic acid, suberic acid,
azelaic acid, sebacic acid, dodecanedioic acid, 2-methylsuc-
cinic acid, 2-methyladipic acid, 3-methyladipic acid, 3-me-
thylpentanedioic acid, 2-methyloctanedioic acid, 3,8-dimeth-
yldecanedioic acid, 3,7-dimethyldecanedioic acid, 1,20-

cicosamethylenedicarboxylic acid, 1,2-
cyclopentanedicarboxylic acid, 1,3-
cyclopentanedicarboxylic acid, 1,2-
cyclohexanedicarboxylic acid, 1,3-cyclohexanedicarboxylic

acid, 1.4-cyclohexanedicarboxylic acid, 1,4-dicarboxylic
acid methylenecyclohexane, 1,2,3-propanetricarboxylic
acid, 1,2,3.4-butanetetracarboxylic acid, or 1,2,3,4-cyclobu-
tanetetracarboxylic acid, but it 1s not limited thereto.

In one embodiment, a compound that does not include the
alicyclic epoxy group and that includes at least three epoxy
groups, or three epoxy groups, may be used as the aliphatic
epoxy compound when considering a curing property,
weather resistance and refractive index characteristics, but 1t
1s not limited thereto.

Examples of the aromatic epoxy compound that may be
used herein may include an epoxy compound containing an
aromatic group in the molecule, for example, a bisphenol-
type epoxy resin such as bisphenol A epoxy, bisphenol F
epoxy, bisphenol S epoxy or brominated bisphenol epoxy; a
novolac-type epoxy resin such as phenol novolac epoxy resin
or cresol novolac epoxy resin; a cresol epoxy resin or a
resorcinol glycidyl ether.

Asthe cationically polymerizable compound, for example,
a silane compound having at least one cationically polymer-
izable functional group may also be used, 11 necessary. The
silane compound may control a surface energy of an adhesive
so as to improve an adhesion strength. As the silane com-
pound, for example, a compound represented by the follow-
ing Formula 3 may be used.

SIR,) (R, Formula 3

In Formula 3, R, 1s a cationically polymerizable functional
group bound to the silicon atom, R, 1s a functional group
bound to the silicon atom, and 1s, for example, hydrogen, a
hydroxyl group, an alkyl group or an alkoxy group, andni1s a
numberer ranging from 1 to 4.

Examples of the cationically polymerizable functional

group may include an alkenyl group such as vinyl group, a
vinyloxy group or a cyclic ether group such as a glycidyl
group or an oxetanyl group, or a functional group including
the cyclic ether group, alkenyl group or vinyloxy group.
In Formula 3, for example, n may be, for example, 1 or 2.
In one embodiment, an oligomeric silane compound that 1s
a silicon resin which has a relatively low molecular weight
and of which both ends of a molecular chain are blocked by
alkoxysilyl groups and to which the cationically polymeriz-
able functional group 1s itroduced may also be used as the
silane compound.

A compound which has a radically polymerizable func-
tional group such as an acryloyl group or a methacryloyl
group and may be polymerized to form an adhesive may be
used as the radically polymerizable compound.

In one embodiment, the radically polymerizable com-
pound may be an acrylamide compound. The acrylamide
compound may be represented by the following Formula 4.
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Formula 4

In Formula 4, R, and R, are each independently hydrogen,
an alkyl group or a hydroxyalkyl group, or R, and R, are
joined together to form a heterocyclic structure containing a
nitrogen atom, and R, 1s hydrogen or an alkyl group.

Unless defined otherwise, the term “heterocyclic struc-
ture” as used herein may refer to a cyclic structure of cyclic
compound having at least two different kinds of atoms as
ring-membered atoms. In Formula 4, the heterocyclic struc-
ture may include 3 to 20, 3 to 16, 3 to 12 or 3 to 8 ring-
membered atoms, including the nitrogen atom 1n Formula 4 to
which R, and R, are linked. In addition to the nitrogen atom,
an atom that may be included 1n the heterocyclic structure
may 1nclude carbon, oxygen or sulfur. Also, the heterocyclic
structure may include an additional nitrogen atom 1n addition
to the nitrogen atom 1n Formula 4 to which R, and R, are
linked as long as the heterocyclic structure 1s formed. The
heterocyclic structure may have no unsaturated bond such as
a carbon-carbon double bond, or may have at least one unsat-
urated bond, if necessary. Also, the heterocyclic structure
may be optionally substituted with at least one substituent.

Examples of the compound of Formula 4 may include
(meth)acrylamide, N-alkyl acrylamide, N-hydroxyalkyl
(meth)acrylamide or N-acryloyl morpholine, but 1t 1s not
limited thereto.

Theradically polymerizable compound may also be a com-
pound 1ncluding a heterocyclic acetal structure. The term
“heterocyclic acetal structure” as used herein may refer to a
heterocyclic structure including a structure 1n which two oxy-
gen atoms are bound to the same carbon atom through a single
bond. That 1s, the compound may be a compound ncluding
both of the functional group having a heterocyclic acetal
structure and the radically polymerizable functional group.
For example, the compound may serve as a diluent to regulate
the viscosity of a composition, and may also be used to
improve an adhesion strength to the liquid crystal layer.

The heterocyclic acetal structure may have 4 to 20, 4 to 16,
4 to 12 or 4 to 8 ring-membered atoms, and may be optionally
substituted with at least one substituent.

In one embodiment, the heterocyclic acetal structure may
be represented by the following Formula 5 or 6. Therefore, the
radically polymerizable compound may include a monova-
lent residue derived from the compound of the following
Formula 5 or 6 along with the radically polymerizable func-
tional group.

Formula 5
R}<R4
O O
Formula 6

Q R
LR
P 1

In Formula 5 or 6, R, and R each independently represent
hydrogen or an alkyl group, Q, P, R and T are each indepen-
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dently a carbon atom or an oxygen atom, provided that two of
Q, P, R and T are oxygen atoms, and A and B each indepen-
dently represent an alkylene or alkylidene group having 1 to
S carbon atoms.

In one embodiment, the radically polymerizable com-
pound having the heterocyclic acetal structure may be a com-
pound represented by the following Formula 7.

Formula 7

In Formula 7, R, represents hydrogen or an alkyl group,
and R, 1s a monovalent residue derived from the compound of
Formula 5 or 6, or an alkyl group substituted with the
monovalent residue.

Examples of the compound represented by Formula 7 may
include (2-ethyl-2-methyl-1,3-dioxolane-4-yl)methyl acry-
late, (2-1sobutyl-2-methyl-1,3-dioxolane-4-yl)methyl acry-
late or (1,4-dioxaspiro[4,5]dec-2-yl)methyl acrylate, but it 1s
not limited thereto.

In one embodiment, the radically polymerizable com-

pound may be a monomer represented by one of Formulas 8
to 10.

Formula 8
R
O O OH
\A Ps \B ,]/
- F
O
Formula 9
R O
O )‘\
)\ﬂ/ N O
O
Formula 10
R
O O O
S
~ U.-f"' W ™~ Q
O

In Formulas 8 to 10, R 1s hydrogen or an alkyl group, A, B,
T, U and W are each independently an alkylene group or an
alkylidene group, Q 1s an alkyl group or an aryl group, and n
1s an mteger ranging from 0O to 3.

Unless defined otherwise, the term ““aryl group” may refer
to a monovalent residue derived from a compound or a deriva-
tive thereol, which includes a benzene ring or a structure in
which two or more benzene rings are condensed or joined
together. The aryl group may be, for example, an aryl group
having 6 to 22 carbon atoms, 6 to 16 carbon atoms, or 6 to 13
carbon atoms, such as a phenyl group, a phenylethyl group, a
phenylpropyl group, a benzyl group, a tolyl group, a xylyl
group or a naphthyl group.

In Formula 8, the “n” may be, for example, 1n a range o1 O
to 3, or 1n a range of 0 to 2. Examples of the compound of
Formula 8 may include 2-hydroxyethyl(meth)acrylate, 2-hy-
droxypropyl(meth)acrylate, 4-hydroxybutyl(meth)acrylate,
6-hydroxyhexyl(meth)acrylate, 8-hydroxyoctyl(meth)acry-
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late, 2-hydroxyethyleneglycol(meth)acrylate or 2-hydrox-
ypropyleneglycol(meth)acrylate, but 1t 1s not limited thereto.

In Formula 9, the ““1” may be, for example, an alkylene
group having 1 to 4 carbon atoms. The compound of Formula
9 may include, for example, 3-carboxyethyl(meth)acrylate.
In Formula 10, the “Q)” may be an alkyl group having 1 to 4
carbon atoms, and the “U” and “W”” may each independently
be an alkylene group having 1 to 4 carbon atoms. Such a
compound may include 2-(2-ethoxyethoxy)ethyl(meth)acry-
late, but 1t 1s not limited thereto.

In one embodiment, the radically polymerizable com-
pound may be a compound represented by the following
Formula 11. For example, such a compound may be used to
improve the durability of an adhesive.

Formula 11

In Formula 11, R 1s hydrogen or an alkyl group, and P 1s a
monovalentresidue derived from an aliphatic saturated cyclic
hydrocarbon compound.

In Formula 11, the monovalent residue may refer to a
monovalent residue that 1s induced from an aliphatic satu-
rated cyclic hydrocarbon compound, for example, a com-
pound 1n which a carbon atom 1s bound to form a ring struc-
ture and which 1s not an aromatic compound, or a derivative
thereof. The aliphatic saturated cyclic hydrocarbon com-
pound may, for example, have 3 to 20 carbon atoms, 6 to 15
carbon atoms, or 8 to 12 carbon atoms. Examples of the
monovalent residue may include an 1sobornyl group, a cyclo-
hexyl group, a norbornanyl group, a norbornenyl group, a
dicyclopentadienyl group, ethynylcyclohexane group, an
cthynylcyclohexene group or an ethynyldecahydronaphtha-
lene group. In one embodiment, an 1sobornyl group may be
used, but 1t 1s not limited thereto.

In one embodiment, an 1socyanate-functional acrylic ester
compound may also be used as the radically polymerizable
compound. As the 1socyanate-functional acrylic ester com-
pound, any compound can be used as long as 1t has both of an
1socyanate group and an acryl group. For example, an 1socy-
anate-functional aliphatic acrylic ester compound may be
used herein. In one embodiment, a compound represented by
the following Formula 12 may be used.

Formula 12

In Formula 12, R represents hydrogen or an alkyl group,
and L represents a divalent hydrocarbon group.

In Formula 12, a divalent aliphatic hydrocarbon group may
be, for example, used as the divalent hydrocarbon group.
Specifically, a divalent aliphatic hydrocarbon group having 1
to 20 carbon atoms, 1 to 16 carbon atoms, 1 to 12 carbon
atoms, 1 to 8 carbon atoms or 1 to 4 carbon atoms may be
used. For example, the hydrocarbon group may include a
linear, branched or cyclic alkylene or alkynylene group; a
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linear, branched or cyclic alkenylene group; or a linear,
branched or cyclic alkynylene group. In one embodiment, the
hydrocarbon group may be a linear or branched alkylene or
alkynylene group having 1 to 8 carbon atoms.

Examples of the compound may include (meth)acryloy-
loxyalkyl 1socyanate, more particularly (meth)acryloyloxy
(C,_g)alkyl 1socyanate, more particularly (meth)acryloyloxy
(C,_»)alkyl 1socyanate, and further particularly (meth)
acryloyloxy ethyl 1socayanate, but 1t 1s not limited thereto. In
the above, the term *“(C,_g)alkyl” may refer to a linear,
branched or cyclic alkyl having 1, 2, 3, 4, 5, 6, 7 or 8 carbon
atoms, and the term *“(C,_j)alkyl” may refer to a linear,
branched or cyclic alkyl having 1, 2, 3 or 4 carbon atoms.

In one embodiment, a compound represented by the fol-
lowing Formula 13 may be used as the 1socyanate-functional
acrylic ester compound.

Formula 13
R
O
\ /NCO
A

O [ ~Nco

O

O
R

In Formula 13, R represents hydrogen or an alkyl group,
and Z represents a tetravalent hydrocarbon group.

In the above, a tetravalent aliphatic hydrocarbon group
may be, for example, used as the tetravalent hydrocarbon
group. Specifically, a tetravalent aliphatic hydrocarbon group
having 1 to 20 carbon atoms, 1 to 16 carbon atoms, 1 to 12
carbon atoms, 1 to 8 carbon atoms or 1 to 4 carbon atoms may
be used. For example, a tetravalent hydrocarbon derived from
a linear, branched or cyclic alkane; a linear, branched or cyclic
alkene; or a linear, branched or cyclic alkyne may be used.
The hydrocarbon group may be, for example, a tetravalent
hydrocarbon derived from a linear or branched alkane group
having 1 to 8 carbon atoms.

Examples of the compound may include a compound com-
mercially available as Laromer LR9000 (BASE).

In one embodiment, a compound having a heterocyclic
residue such as tetrahydroturfuryl(meth)acrylate or (meth)
acryloyl morpholine may be used as the radically polymeriz-
able compound.

In one embodiment, the adhesive usable herein may
include an adhesive including, in a cured state, a cationically
curable adhesive composition including a cationically poly-
merizable compound, for example, an alicyclic and/or ali-
phatic epoxy compound, as a main component and optionally
an oxetane compound or a silane compound having the cat-
ionically polymerizable functional group as a diluent or an
additive; a radically curable adhesive composition including
a radically polymerizable compound, for example, the acry-
lamide compound, as a main component and optionally
another radically polymerizable compound as an additive; an
adhesive composition including a radically polymerizable
compound, for example, a compound represented by one of
Formulas 8 to 10, as a main component and optionally
another radically polymerizable compound; or a hybrd cur-
able adhesive composition including the epoxy resin, or a
mixture of the alicyclic epoxy compound and the aliphatic
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epoxy compound along with a radically polymerizable com-
pound represented by one of Formulas 8 to 10, but it 1s not
limited thereto.

The respective components 1n the adhesive composition
and a blending ratio of the components may be properly
selected 1n consideration of the glass transition temperature

and the like.

The adhesive composition forming an adhesive may fur-
ther include a polymerization initiator. The kind of the poly-
merization mitiator may be properly selected according to the
components included in the adhesive composition. For
example, a cationic polymerization imitiator and/or a radical
polymerization initiator may be used herein.

For example, as the radical polymerization imitiator, an
initiator such as a benzoin compound, a hydroxyketone com-
pound, an aminoketone compound or a phosphine oxide com-
pound may be used, and, in one embodiment, a phosphine
oxide compound may be used. Specifically, examples of the
radical polymerization initiator may include benzoin, ben-
zoin methylether, benzoin ethylether, benzoin 1sopropylether,
benzoin n-butylether, benzoin 1sobutylether, acetophenone,
dimethylamino acetophenone, 2,2-dimethoxy-2-phenylac-
ctophenone, 2,2-diethoxy-2-phenylacetophenone, 2-hy-
droxy-2-methyl-1-phenylpropane-1-one, 1-hydroxycyclo-
hexylphenylketone, 2-methyl-1-[4-(methylthio)phenyl]-2-
morpholino-propane-1-one, 4-(2-hydroxyethoxy)phenyl-2-
(hydroxy-2-propyl )ketone, benzophenone,
p-phenylbenzophenone, 4.4'-diethylaminobenzophenone,
dichlorobenzophenone, 2-methylanthraquinone, 2-ethylan-
thraquinone, 2-t-butylanthraquinone, 2-aminoan-
thraquinone, 2-methylthioxanthone, 2-ethylthioxanthone,
2-chlorothioxanthone, 2,4-dimethylthioxanthone, 2,4-dieth-
ylthioxanthone, benzyldimethylketal, acetophenone dimeth-
ylketal, p-dimethylamino benzoic acid ester, oligo[2-hy-
droxy-2-methyl-1-[4-(1-methylvinyl)phenyl]propanone],
b1s(2.4,6-trimethylbenzoyl)-phenyl-phosphine oxide and
2.4,6-trimethylbenzoyl-diphenyl-phosphine oxide, but it 1s
not limited thereto.

As the cationic polymerization initiator, an 1initiator
capable of releasing a component capable of iitiating cat-
ionic polymerization by irradiation with active energy rays,
for example, an 10onized cationic initiator such as an onium
salt or an organometallic salt, or a non-10nized cationic 1ni-
tiator such as organic silane or latent sulfonic acid, or a
non-ionized compound may be used.

If necessary, the adhesive composition may further include
one or more additives such as a thermal curing agent, a cata-
lyst, a UV curing agent, a low molecular sieve, a silane
coupling agent, a scattering agent, a UV stabilizer, a toning
agent, a reinforcing agent, a filler, an antifoaming agent, a
surfactant, a photosensitizer and a plasticizer.

In the circular polanizing plate, the optical film and the
linear polarizer may be directly attached by the adhesive
layer, or a primer layer may be further included between the
linear polarizer and the adhesive layer or between the optical
film and the adhesive layer. For example, in the circular
polarizing plate 500 shown 1n FIG. 5, the primer layer may be
disposed between the linear polarizer 401 and the adhesive
layer 501 or between the adhesive layer 501 and the optical
f1lm 402. A kind of the primer layer 1s not specifically limited,
and various kinds of the primer layer generally used to
improve an adhesive property may be used.

The circular polarizing plate may further include a protec-
tive layer of the linear polarizer disposed on an opposite side
of a surface in contact with the optical film of the linear
polarizer, or on both sides of the linear polarizer.




US 9,201,183 B2

17

The present application 1s also directed to a method of
manufacturing a circular polarizing plate. One 1llustrative
method may include attaching a linear polarizer and an opti-
cal film. In the method, the linear polarizer and the optical
f1lm may be attached so as for the light absorption axis of the
linear polarizer to form an angle of approximately 45 or 67.5
degrees with the optical axis of the polymeric layer of the
optical film, or to form an angle falling within the range from
45 to 677.5 degrees with the optical axis of the polymeric layer
of the optical film.

A method of attaching the optical film and the linear polar-
1zer 1s not specifically limited. For example, the method may
include coating the adhesive composition described above on
one surface of the linear polarizer or optical film, laminating
the linear polarnizer and the optical film by means of the
coating layer and curing the adhesive composition, or lami-
nating the linear polarizer and the optical film by dropping
using the adhesive composition and curing the adhesive com-
position. Here, the adhesive composition may be cured by
irradiating active energy rays having a suitable intensity with
a suitable quantity in consideration of a component included
in the composition.

In one embodiment, the method of preparing the circular
polarizing plate may be sequentially and continuously per-
formed following the method of manufacturing an optical
film described above. For example, referring to FIG. 3, during
transierring the polymeric layer along one direction M, for
example, the direction forming an angle of approximately 45
or 67.5 degrees with the optical axis OP of the polymeric layer
101 or the direction forming an angle falling with the range
from approximately 45 to 67.5 degrees, the optical film 1s
prepared by forming the liquid crystal layer on the polymeric
layer 101. In the above, the liquid crystal layer may be formed
so as for the optical axis OP of the liquid crystal layer to be
substantially perpendicular to or to form an angle of approxi-
mately 61.5 degrees with the optical axis OP of the polymeric
layer 101.

The circular polarizing plate may be manufactured by con-
stantly transferring the optical film previously manufactured
in the transfer direction M and attaching the linear polarizer.
In this step, the circular polarizing plate may be efiectively
and constantly manufactured by placing the linear polarizer
so as for the light absorption axis of the linear polarizer to be
parallel to the transter direction M of the film.

When attaching the linear polarizer, in case where the
optical axis of the polymeric layer 1s perpendicular to the
optical axis of the liquid crystal layer, the liquid absorption
axis of the linear polarizer may form an angle ol approxi-
mately 45 degrees with the optical axis of the polymeric layer,
and 1n case where the optical axis of the polymeric layer
forms an angle of 61.5 degrees with the optical axis of the
liguid crystal layer, the light absorption axis of the linear
polarizer may form an angle of approximately 67.5 degrees
with the optical axis of the polymeric layer.

The present application 1s also directed to a display device.
In one embodiment, the display device may include the cir-
cular polarizing plate described above.

A kind of the display device including the circular polar-
1zing plate 1s not specifically limited. The device may be a
liqguid crystal display (LCD) such as a reflective LCD or
transflective LCD, or an organic light emitting device
(OLED).

In the display device, an arrangement of the circular polar-
1zing plate 1s not specifically limited, and a known arrange-
ment may be employed. For example, 1n the retlective LCD,
the circular polarizing plate may be one of polarizing plates
for an LCD panel to prevent retlection of external light and
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ensure visibility. In addition, 1n an OLED, to prevent retlec-
tion of the external light and ensure visibility, the circular

polarizing plate may be arranged outside an electrode layer of
the OLED.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 show illustrative embodiments of optical
films:

FIG. 3 shows one illustrative embodiment of a method for
manufacturing an optical film; and

FIGS. 4 and 5 show 1illustrative embodiments of circular
polarizing plates.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

(Ll

Hereinaftter, the optical film will be described in detail with
reference to Examples and Comparative Examples, but
ranges ol the optical film are not limited by the following
Example.

Herematter, 1n Examples and Comparative Examples,
physical properties may be evaluated by the following meth-
ods:

1. Value of Phase Retardation

In-plane phase retardation of a polymeric layer, a liquid
crystal layer or an optical film was measured using an appa-
ratus (Axoscan, manufactured by Axomatrics Co.) capable of
measuring 16 Muller matrices. Specifically, 16 Muller matri-
ces were calculated according to the manufacturer’s manual
using the apparatus, and thereby phase retardation was
extracted.

2. Polarizance Ellipticity

Polarizance Ellipticity 1s a value showing an efficiency of a
circular polarizing plate in Example or Comparative Example
to form the circularly polarized light, and 1t can be measured
according to the manufacturer’s manual using Axoscan ( AX-
omatrics Co.).

I1 the Polarizance Ellipticity 1s closer to 1, a circular polar-
ization conversion elficiency will be increased, and 1f the
Polarizance Ellipticity 1s O, 1t indicates that linearly polarized
light 1s generated.

Example 1

A liquid crystal layer having the in-plane phase retardation
of approximately 105 nm with respect to a wavelength of 550
nm was formed on a cycloolefin polymer film having the
in-plane phase retardation of 220 nm with respect to a wave-
length of 550 nm as a polymeric layer by the following
method.

Specifically, a composition for forming a photo-alignment
layer was coated on one surface of the cycloolefin polymer
film so as for the layer to have a thickness of approximately
1,000 A after being dried, and dried in an 80° C. oven for 2
minutes. The composition for forming the photo-alignment
layer was prepared by mixing a mixture of polynorbornenes
(molecular weight (M )=1350,000) having a cinnamate group
represented by Formula A and acrylic monomers with pho-
tomitiators (Igacure 907) and then dissolving the obtained
mixture (polynorbornene:acryl monomer:photoinitiator=2:
1:0.25 (weight rat10)) 1n cyclopentanone so as for the solid
content of the polynorbornene to be 2 weight %.
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|Formula A]

# 0O \ O\

O

Subsequently, the dried composition for forming the
photo-alignment layer was aligned, thereby forming the
photo-alignment layer. Here, the alignment was performed so
as Tor the optical axis of the liquid crystal layer formed by the
alignment layer to form an angle of approximately 61.5
degrees with the optical axis of the cycloolefin polymer film.
Specifically, a wire grid polarizing plate capable of generat-
ing linearly polarized light was placed on the dried composi-
tion 1n consideration of a place of forming the optical axis, the
cycloolefin polymer film was transferred at a speed of
approximately 3 m/min, and alignment was performed by
irradiating the composition with ultraviolet rays (300
mW/cm?) to form a photo-alignment layer by means of the
polarizing plate for approximately 30 seconds. Subsequently,
the liquid crystal layer was formed on the alignment layer.
Specifically, the liquid crystal composition including 70 parts
by weight of the multifunctional polymerizable liquid crystal
compound represented by Formula B and 30 parts by weight
of the monofunctional polymerizable liquid crystal com-
pound represented by Formula C as liquid crystal composi-
tions and 1including a suitable amount of a photoinitiator were
coated so as for the thickness to be approximately 1 um after
being dried, and aligned according to alignment of the under-
lying alignment layer. Afterward, ultraviolet rays (300
mW/cm?®) were irradiated for approximately 10 seconds to
crosslink and polymerize liquid crystal compounds, thereby
forming the liquid crystal layer having an optical axis forming
an angle of approximately 61.5 degrees with an optical axis of
the cycloolefin polymer film. As a result, an optical film was
manufactured.
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Subsequently, a conventional PVA (poly(vinyl alcohol))
linear polarizer was attached to the manufactured optical film,
and thereby a circular polarizing plate was manufactured. The
attachment was performed for the linear polanizing plate to be
attached to the cycloolefin film, and 1n this step, the light
absorption axis of the linear polarizer formed an angle of
approximately 67.5 degrees with the optical axis of the
cycloolefin polymer film.

Example 2

An optical film and a circular polarizing plate were manu-
factured by the substantially same method as in Example 1,
except that the liquid crystal layer was formed so as for the
in-plane phase retardation with respect to a wavelength o1 550
nm to be approximately 135 nm, the optical axis of the liquid
crystal layer was controlled to be substantially perpendicular
to the optical axis of the cycloolefin polymer film, and the
optical axis of the cycloolefin polymer film was controlled to

form an angle of approximately 45 degrees with the light
absorption axis of the linear polarizer.

Comparative Example 1

A circular polarizing plate was manufactured by attaching
a PVA linear polarizer and a cycloolefin polymer film having
the m-plane phase retardation with respect to light with a
wavelength of 550 nm of approximately 140 nm. The attach-
ment was performed so as for the light absorption axis of the
linear polarizer to form an angle of approximately 45 degrees
with the optical axis of the cycloolefin polymer film.

Comparative Example 2

A circular polarizing plate was manufactured by forming a
liquid crystal layer by a method similar to that described 1n
Example 1 on a PVA linear polanizer. In this step, the liquid
crystal layer was formed to have the in-plane phase retarda-
tion with respect to light with a wavelength of 550 nm of
approximately 135 nm, and the optical axis of the liquid
crystal layer formed an angle of approximately 45 degrees
with the light absorption axis of the linear polarizer.

Physical properties measured with respect to the circular
polarizers in Examples and Comparative Examples are listed

in Table 1.

|Formula B]
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TABLE 1
Cycloolefin Liquid Crystal
Polymer Film Laver Polarizance Ellipticity
OP Re OP 450 5350
Re (nm) (degrees) (nm) (degrees) nm  nm
Example 1 220 67.5 105 6 0.90 0.98 0.85
Example 2 270 45 135 —-45 0.88 0.94 0.81
Comparative 140 45 - - 0.67 0.97 0.79
Example 1
Comparative - - 135 45 0.60 0.93 0.69
Example 2

22

650 nm Achromaticity

> OO

Re: the in-plane phase retardation with respect to 5330 nm hight of the cycloolefin polymer polymer film or the hiquid

crystal layer (unit: nm)

OP: the angle that the optical axis of the cycloolefin polymer film or the liquid crystal layer forms clockwise with the

light absorption axis of the linear polarizer in circular polarizing plate (umt: degrees)

Polarizance Ellipticity: Polarizance Ellipticity measured with respect to light having a wavelength of 450 nm, 530 nm

or 650 nm

Achromaticity was evaluated by evaluating anti-reflection property of the manufactured circular polarizing plate (af
visibility of circular polarizing plate is close to black, it is represented as (), and if circular polarizing plate exhibits

color, 1t 1s represented as X)

Experimental Example

An optical film and a circular polarizing plate were manu-
factured by the same method as described in Example 1,
except that a cycloolefin polymer film having the in-plane
phase retardation with respect to light with a wavelength of
550 nm of approximately 270 nm, and R(450)/R(350) of 1 or
R(650)/R(550) of 1 was used as the polymer film, and the
liquid crystal layer formed using a liquid crystal composition
adjusted to have the imn-plane phase retardation with respect to
light with a wavelength of 550 nm of approximately 135 nm,
R(450)/R(550)011.09,0or R(650)/R(550)010.93 wasused. In
the optical film or circular polarizing plate, an optical axis of
the liquid crystal layer was substantially perpendicular to an
optical axis of the cycloolefin polymer film, and the optical
axis of the cycloolefin polymer film formed an angle of
approximately 45 degrees with the light absorption axis of the
linear polarizer.

Polarizance ellipticities of the circular polanizing plate
measured by the same method described in Examples and
Comparative Examples were approximately 0.88 with
respect to 450 nm light, approximately 0.94 with respect to
550 nm light, and approximately 0.81 with respect to 650 nm
light. In addition, achromaticities were examined by the same
method as described 1n Examples and Comparative
Examples, and the black visibility was shown.

According to an illustrative embodiment of the present
application, an optical {ilm can exhibit a desired phase retar-
dation property 1n a wide wavelength range even when 1t 1s
relatively thin. In an embodiment, the optical film can exhibit
the 14 wavelength phase retardation property. The optical film
can be manufactured by simple processes. The optical film

can be used in LCDs such as a reflective LCD, or OLEDs.

What 1s claimed 1s:
1. An optical film of which R(650)/R(550) 1s larger than
R(450)/R(550), comprising:
an optically anisotropic polymeric layer which has an
absolute value of a difference between R(450)/R(3550)
and R(650)/R(5350) of 5 or less; and
a liquid crystal layer which has R(450)/R(550) that1s larger
than R(650)/R(550) and of which an optical axis forms
an angle of 61.5 degrees with the optical axis of the
polymeric layer, on the polymeric layer.
2. The optical film of claim 1, wherein the optical film has
the 14 wavelength retardation property.
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3. The optical film of claim 1, wherein the optical film has
the in-plane phase retardation with respect to light having the
wavelength of 550 nm 1n the range from 110 nm to 220 nm.

4. The optical film of claim 3, wherein the R(450)/R(550)
of the optical film 1s 0.81 to 0.99, and the R(650)/R(550) 1s
1.01t0 1.19.

5. The optical film of claim 1, wherein the polymeric layer
has the in-plane phase retardation with respect to light having
the wavelength of 550 nm 1n the range from 200 to 290 nm.

6. The optical film of claim 5, wherein the polymeric layer

has the R(450)/R(5350) 1n the range from 0.95 to 1.05, and the
R(650)/R(550) 1n the range from 0.95 to 1.05.

7. The optical film of claim 1, wherein the polymeric layer
comprises a polyolefin film, a cycloolefin polymer film, a
polyvinylchloride film, a polyacrylomitrile film, a polysulfone
film, a polyacrylate film, a polyvinylalcohol film or a cellu-
lose ester polymer film, or a copolymer film of at least two
monomers selected from monomers forming the above poly-
met.

8. The optical film of claim 1, wherein the optical axis of
the polymeric layer forms an angle of 45 or 67.5 degrees with
a lengthwise direction or a breadthwise direction of the poly-
meric layer, or forms an angle falling with the range from 45
to 6°7.5 degrees with the lengthwise direction or the breadth-
wise direction of the polymeric layer.

9. The optical film of claim 1, wherein the liquid crystal
layer has the in-plane phase retardation with respect to light
having the wavelength of 550 nm of 95 to 145 nm.

10. The optical film of claim 9, wherein the liquid crystal

layer has the R(450)/R(550) in the range from 1.01 to 1.19,
and the R(650)/R(550) 1n the range from 0.81 to 0.99.

11. The optical film of claim 1, wherein a difference
between the refractive index of the liquid crystal layer 1n the
in-plane slow axis direction and the refractive index of the
liquid crystal layer 1n the in-plane fast axis direction may be
from 0.05 to 0.2, and wherein the liquid crystal layer has the
thickness from 0.5 to 2.0 um.

12. A circular polanizing plate, comprising:

a linear polarizer; and

the optical film of claim 1 on one surface of the linear

polarizer.

13. The circular polarizing plate of claim 12, wherein the
light absorption axis of the linear polarizer forms an angle of
45 or 67.5 degrees or forms an angle falling within the range
from 45 to 67.5 degrees with the optical axis of the polymeric
layer of the optical film.
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14. The circular polarizing plate of claim 12, further com-
prising:

an adhesive layer that attaches the linear polarizer and the

optical film and has a glass transition temperature of 36°
C. or more.

15. A display device comprising the circular polarizing
plate of claim 12.

16. The display device of claim 15, which 1s a reflective
liquid crystal display, a transtlective liquid crystal display or
an organic light emitting device.

17. An optical film of which R(630)/R(550) 1s larger than
R(450)/R(550), comprising:

an optically anisotropic polymeric layer which has an

absolute value of a difference between R(450)/R(550)
and R(650)/R(550) of 5 or less; and

a liquid crystal layer which has R(450)/R(550) that1s larger

than R(650)/R(550) and of which an optical axis 1s

formed to be perpendicular to an optical axis of the
polymeric layer, on the polymeric layer.

18. The optical film of claim 17, wherein the optical film
has the V4 wavelength retardation property.

19. The optical film of claim 17, wherein the optical film
has the in-plane phase retardation with respect to light having
the wavelength of 550 nm in the range from 110 nm to 220
nm.

20. The optical film of claim 17, wherein the R(450)/R
(550) of the optical film 1s 0.81 to 0.99, and the R(650)/R
(550)1s 1.01 to 1.19.

21. The optical film of claim 17, wherein the polymeric
layer has the in-plane phase retardation with respect to light
having the wavelength of 550 nm 1n the range from 200 to 290
nm.

22. The optical film of claim 17, wherein the polymeric
layer has the R(450)/R(550) 1n the range from 0.95 to 1.05,
and the R(650)/R(350) 1n the range from 0.95 to 1.05.

23. The optical film of claim 17, wherein the polymeric
layer comprises a polyolefin film, a cycloolefin polymer film,
a polyvinylchloride film, a polyacrylonitrile film, a polysul-
fone film, a polyacrylate film, a polyvinylalcohol film or a
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cellulose ester polymer film, or a copolymer film of at least
two monomers selected from monomers forming the above
polymer.

24. The optical film of claim 17, wherein the optical axis of
the polymeric layer forms an angle of 45 or 67.5 degrees with
a lengthwise direction or a breadthwise direction of the poly-
meric layer, or forms an angle falling with the range from 435
to 67.5 degrees with the lengthwise direction or the breadth-
wise direction of the polymeric layer.

235. The optical film of claim 17, wherein the liquid crystal
layer has the R(450)/R(550) in the range from 1.01 to 1.19,
and the R(650)/R(550) 1n the range from 0.81 to 0.99.

26. The optical film of claiam 17, wherein a difference
between the refractive index of the liquid crystal layer 1n the
in-plane slow axis direction and the refractive index of the
liquid crystal layer 1n the in-plane fast axis direction may be
from 0.05 to 0.2, and wherein the liquid crystal layer has the
thickness from 0.5 to 2.0 um.

277. A circular polarizing plate, comprising:

a linear polarizer; and

the optical film of claim 17 on one surface of the linear

polarizer.

28. The circular polarizing plate of claim 27, wherein the
light absorption axis of the linear polarizer forms an angle of
45 or 67.5 degrees or forms an angle falling within the range
from 45 to 67.5 degrees with the optical axis of the polymeric
layer of the optical film.

29. The circular polarizing plate of claim 27, further com-
prising:

an adhesive layer that attaches the linear polarizer and the

optical film and has a glass transition temperature of 36°
C. or more.

30. A display device comprising the circular polarizing
plate of claim 27.

31. The display device of claim 30, which 1s a reflective
liquid crystal display, a transtlective liquid crystal display or
an organic light emitting device.

32. The optical film of claim 17, wherein the liquid crystal
layer has the in-plane phase retardation with respect to light
having the wavelength of 550 nm of 95 to 145 nm.
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